In this study, graphite oxide (GO) was prepared by a simple onepot treatment method and used as an adsorbent for removing cationic dyes, methylene blue (MB), crystal violet (CV) and rhodamine B (RhB) from aqueous solution of different initial concentrations. We found that an increase in initial dye concentration favoured adsorption. The adsorption kinetic process fits to the pseudo-second-order equation. When compared with the expanded graphite, GO exhibits a high adsorption capability on non-acid dye molecules, with the adsorption capacities of 199.2, 195.4 and 154.8 mg·g -1 for MB, CV and RhB, respectively. An analysis of the results of UV-Vis spectra suggested that the adsorbed dye molecules represent a different form of aggregation. Meanwhile, the layered graphene structure and surface oxygen functional groups play an important role in adsorption capability.
INTRODUCTION
Because of the development of textile, printing and tanning industries, large amounts of dye wastewater are produced , which in turn has several fatal effects on human beings, animals and the environment. Consequently, there is an urgent need to cut down the release of such pollutants into our ecosphere. Adsorption is a popular decolourization technique due to its simplicity, availability and effectiveness in removing non-biodegradable pollutants (including dyes) from wastewater. Many adsorbents, such as activated carbon, bio-and natural materials, have been investigated as dye-removing agents (Selvam et al. 2008; Gupta and Suhas 2009; Jain and Sikarwar 2010) . For example, sodium montmorillonite has been used to adsorb rhodamine B (RhB) with an adsorption capacity of 42.19 mg·g -1 (Selvam et al. 2008) . Activated carbon prepared from diosgenin production residue has a good adsorption capacity of 165 mg·g -1 for adsorbing methylene blue (MB) (Zhang et al. 2006) .
Graphite, as an eco-friendly material with carbon layers and special sandwich structure that allows for easy insertion of atoms or molecules, is a potential adsorbent candidate. The distance between carbon layers has a direct effect on the adsorption capability on different organics. Kong et al. synthesized expanded graphite (EG) with a layer distance of 0.347 nm using a strong oxidant (Kong et al. 2009 ). It has been reported that EG materials possess a dye adsorption capability in aqueous solution, which is pH and temperature dependent, even though the adsorption equilibrium in reactions involving such materials was attained at a rather low level (less than 5 ug·g -1 on MB adsorption) (Zhao and Liu 2009 ). Graphene has attracted significant interest due to its unique two-dimensional form of single layer of graphite, which has been investigated to adsorb small molecules such as NO 2 and NH 3 (Leenaerts et al. 2009 ). Graphene can be prepared by chemical methods (Stankovich et al. 2007) using a strong oxidant. The synthesis of graphene leads to the formation of graphite oxide (GO) along with a huge mass of oxygen group on the surface of graphene (Xu et al. 2001; Li and Kaner 2008) . These oxygen functionalities render the GO as a hydrophilic chemical for the intercalation of water molecules into the inter-layer galleries, and thus a strong adsorption property in the solution is expected. Their applications, such as sensors, catalysts and adsorbent, might be performed based on the oxygen groups including epoxide, hydroxyl, carbonyl and carboxyl groups Bissessur et al. 2006) .
So far, very few investigations of GO materials have been reported in the field of adsorption. Seredych and Bandosz have investigated the removal of ammonia in gas using GO via its intercalation and reactive adsorption (Seredych and Bandosz 2007) . It is believed that the acid-base interactions between the surface functional groups of the carbon layers and the ammonia may play a role in the removal process. Layered GO prepared by Hummers method has been used to remove MB and malachite green from aqueous solutions (Philip et al. 2011) , and the amount of adsorbed dye is much higher than that on activated carbon due to the various oxygen groups on GO. However, GO prepared by the modified Hummers method (Tung et al. 2008; Marcano et al. 2010) involves several steps and requires higher temperature with high energy consumption. The solvothermal method can produce an oxygen-rich carbonaceous material at low temperature (Marcano et al. 2010) . However, this multi-step treatment procedure is still time consuming. In this study, we report a facile preparation method of GO assisted by one-pot reaction technique. It is less time consuming and can be easily operated using an autoclave. The temperature-programmed desorption (TPD) technique suggests that carboxylic acids, carboxylic anhydrides, phenols, and ethers groups exist on the surface of the GO materials. Further, from the adsorption of MB, crystal violet (CV) and RhB by GO, it is clear that the surface functional groups of GO and the aggregation form of the dye molecules affect the adsorption capability of GO. The experimental data were analyzed using pseudo-second-order kinetic models.
EXPERIMENTAL SETUP

Chemicals
Graphite powders (98%) were supplied by Damao Chemical Reagent Factory (Tianjin, China 
Preparation of GO
GO was prepared by a simple one-pot treatment method. Typically, 1 g of graphite and 23 ml of H 2 SO 4 (98%) were mixed in an ice bath. About 6 g of KMnO 4 was added to the solution and stirred for 2 h. The final mixture was sealed in an autoclave and heated to 70 °C for 12 h. Then the autoclave was cooled to room temperature and the mixture was put into ice (100 ml) with 30% H 2 O 2 (5 ml). The colour of the mixture turned yellow. The mixture was filtered, and then washed in succession with 100 ml of distilled water, 100 ml of 15% HCl and 100 ml of ethanol (95%) till neutral pH is obtained. Finally, the solids were collected after drying at 50 °C for 6 h.
Adsorption Process
The adsorption of three cationic dyes (MB, CV and RhB) from aqueous solutions was investigated. The dye solution was prepared with distilled water and the initial concentrations were 5, 10 and 20 mg·l -1 . About 10 mg of GO was shaken in 100 ml of each dye solution at room temperature. At a pre-set time interval, about 5 ml of liquid was sampled and centrifuged for 2 min at 3000 rpm to discard any sediment. The absorbance of reaction solutions was monitored using a TU-1901 UV-Vis spectrophotometer at λ max (664, 584 and 554 nm for MB, CV and RhB, respectively). Preliminary experiments showed that the effect of the separation time on the amount of adsorbed dye was negligible. The amount of dye adsorbed q t (mg·g -1 ) on the GO material was calculated from the mass balance equation of q t = V(C 0 -C e )/W, where C 0 and C e are the initial and equilibrium liquid-phase concentrations of dye (mg·l -1 ), respectively, V is the volume of dye solution (l) and W is the mass of the GO used (g).
At the same time, the used adsorbent was collected after 200 min, which was mixed with barium sulphate by grinding at the mass ratio of 1:20; the dye and barium sulphate were mixed at a ratio of 1:30. The mixture was analyzed by UV-Vis at the characteristic peaks of different dyes.
Characterization
Scanning electron microscopy (SEM) was performed on a Hitachi S-4800 microscope, and the sample was evenly dispersed on copper foil and examined after Au spreading. Atomic force microscopy (AFM) was performed on a Dimension 3100 (Nanosurf Easyscan 2) scanning probe microscope. The surface area and pore size distribution determined by N 2 adsorption-desorption isotherms were recorded on a Quantachrome NOVA 2000e sorption analyzer at liquid nitrogen temperature (77 K). The samples were degassed at 200 °C overnight before the measurement. The surface areas were calculated by the multi-point Brunauer-Emmett-Teller (BET) method, and the pore size distribution was calculated from the adsorption branch of the isotherms by the non-local density functional theory modelling method. X-ray diffraction (XRD) patterns were obtained on a Bruker D8 Focus diffractometer with Cu K α radiation (λ = 0.154 nm), operated at 40 kV and 40 mA over the range (2θ) of 5°-80°. The TPD profile was acquired from a Quantachrome CHEMBET-3000 analyzer with a U-shaped tubular micro-reactor placed inside an electrical furnace. The sample (0.1 g) was heated under a helium atmosphere at the rate of 2-1032 K·min -1 . UV-Vis spectroscopy was recorded on a Purkinje General Instrument TU-1901 spectrophotometer scanned from 200 to 800 nm with BaSO 4 as the reference.
RESULTS AND DISCUSSION
Characteristics of the Materials
The flake graphite was used as the mother sample for the preparation of GO. The prepared samples are soft and have a layered appearance. SEM image (Figure 1) shows the unconfined nanosheets in the entire observed region. The sheet-like structure of GO is very thin with wrinkled edges, which is distinct from the flake graphite that represents the compact layer structures.
The thickness of the nanosheets is in range of nanoscales, which was further confirmed by AFM technique (Figure 2 sample . Thus, the thickness of our prepared sample may be three or four layers of GO packed together.
To view the change of layer distances of the GO, the XRD patterns were recorded as shown in Figure 3 . Graphite shows one very intense diffraction peak at 26.55°(2θ), resulting from the diffraction of (002) planes with corresponding d-spacing value of 3.35 Å according to the Bragg equation. Meanwhile, exfoliated GO appears as a relatively weak and broadened peak at 9.10°, corresponding to an inter-layer spacing of 9.71 Å. The increased d spacing of GO sheets is due to the presence of abundant oxygen-containing functional groups on both sides of the graphite sheet (Wakeland et al. 2010) . According to the IUPAC classification, the nitrogen adsorption-desorption isotherms of the prepared GO are categorized as type II isotherms (Figure 4) . At the relative pressure P/P 0 < 0.5, the amount of adsorbed nitrogen increases slowly with the increase of the relative pressure. This process is considered as the adsorption of monolayer. When P/P 0 > 0.5, the amount of adsorbed nitrogen increases rapidly, indicating the process of adsorption of multi-layers. The hysteresis loop of type H3 is observed and associated with the existence of the typical sheet structure material. GO has a BET surface area of 23.3 m 2 ·g -1 with a pore volume of 0.097 cm 3 ·g -1 , which suggests that the graphene layer has expanded compared with that of graphite (Philip et al. 2011) . The pore size distribution is located at 3.72 nm, indicating the existence of the layer inter-space (Deng et al. 2010) .
GO prepared by the one-pot treatment method is easily suspended in water to form a stable colloidal solution by ultrasonication, suggesting a strong hydrophilic feature. The unique Tyndall phenomenon can be observed in a varied concentration ( Figure 5 inset) of GO, confirming its stable colloidal solution. Beyond this, at a concentration of 0.05 mg·ml -1 ( Figure 5 ), GO shows a strong absorbance peak at λ max = 245 nm, suggesting the retention of more carbon rings in the basal planes Wang et al. 2010) . The increasing π-π* transitions reduces the energy need for the electronic transition and a red shift of λ max occurs (Marcano et al. 2010 ). Meanwhile, a shoulder peak around 300 nm can be attributed to the n-π* transitions of the carbonyl groups.
The TPD technique can be used to observe the surface oxygen groups on carbon materials by decomposing and releasing CO and CO 2 at different temperatures (Figueiredo et al. 1999; Figueiredo and Pereira 2010) . The TPD profile of GO is shown in Figure 6 and overlap peak at the temperature from 300 to 600 K, and one relatively strong peak at 774 K. The former is observed at a low temperature (T < 700 K), which corresponds to CO 2 derived from the carboxylic acids (Gorgulhoa et al. 2008) . The latter is observed at high temperature (700-900 K), which is ascribed to CO 2 derived from the lactones (Figueiredo et al. 1999 ). The absence of CO peak owing to the presence of carbonyl and hydroxyl groups and ether-type oxygen above 900 K suggests that the GO materials represent relatively high properties of an acid, which enables them to be used as active adsorbents for adsorptive removal of the basic dyes (Figueiredo and Pereira 2010).
Adsorption of Dyes
Three different dye molecules, MB, CV and RhB, were used to investigate the adsorption capability of GO. Figure 7 shows the typical concentration-time profiles. It is clear that the value of q e increased as the contact time was increased from 0 to 100 (MB), 50 (CV) and 150 (RhB), respectively. q e increases almost linearly with increasing dye concentration.
Adsorptive removal of cationic dyes from aqueous solutions using GO 443 The initial concentration provides an important driving force to overcome all mass transfer resistances of the dye between the aqueous and solid phases. Therefore, the effect of concentration on contact time was also investigated as a function of initial dye concentration. As three different concentrations 5, 10 and 20 mg·l -1 of MB were used, the adsorption capacities are achieved with 51.12, 103.62 and 199.20 mg·g -1 (Table 1) , respectively. It is obvious that doubling the MB concentration leads to a twofold increase in adsorption capacity, which suggests that the adsorption of MB depends on the concentration of the dye (Dogan et al. 2007) . The equilibrium amount for CV increases from 50.76 to 194.50 mg·g -1 with the increase of initial concentration. But for RhB, as the concentration increases, the adsorption capacity slows down from 48.33 to 154.80 mg·g -1 .
Furthermore, the pseudo-second-order model can be used to describe the kinetics of the dye adsorption using the equation t/q t = 1/(k 2 q e 2 ) + t/q e , where q e and q t are the amount of solute adsorbed (mg·g -1 ) at equilibrium and at time t, respectively; k 2 (mg·g -1 ·min -1 ) is the rate constant of the pseudo-second-order adsorption. The pseudo-second-order kinetics fitted to the experimental data and the parameters obtained are presented in Table 1 . The results indicate that dye adsorption on GO is controlled by the adsorption time and concentration of dye solution.
It should be mentioned that the adsorption capability of the EG, which was prepared as the reference material (Wei et al. 2011) , was also monitored with the dye molecule of MB under the initial concentration of 20 mg/l. Different amounts of EG (0.05, 0.10 and 0.15 g) were used and they presented low adsorption capacities of 7. 98, 10.48, 19.23 mg/g, respectively [Figure 7(d) ]. Although the equilibrium time is short with the increase of the adsorbent dosage, it is not remarkable in such low adsorption capability of EG when taking the adsorptive removal of organic dyes into consideration.
In general, surface area may control the adsorption capability. The mechanism of dye adsorption can be described as C-COO -+ dye + = C-COOdye + (Al-Degs and El-Barghouthi 2008; Liu et al. 2012) , which is dominated by the oxygen group of the surface. The stronger alkalinity of the dye molecule profits the adsorption on GO surface. Thus, the interaction of carboxyl of GO with cationic dye is hindered due to the acidic group in the structure of RhB.
However, the poor surface area of the prepared GO cannot mainly contribute to the adsorption capability of GO. Corresponding to the concentration change of the dye solution, the UV-Vis spectra of the adsorbents represent the increased adsorption peak with related adsorbed dye. As observed in Figure 8 , the solid GO appears almost like a straight line before the adsorption test and a broad peak can be observed in each sample after the adsorption, which is the characteristic absorption peak of dye species and an obvious red shift can be observed when the absorbed amounts of dye concentration is decreased. Also, depending on concentration, the shape of the dye-GO curves change. Meanwhile, the peak intensity of each λ max increased following the increase of concentration, suggesting that the adsorption amount has increased. The change of peak intensity is apparent in MB and CV when comparing with RhB. It is obvious that the removal of dye depends on the concentration of the dye and its physical properties. MB, CV and RhB are cationic dyes. Although RhB possesses a carboxyl group, it may limit the interaction on the surface of GO material in aqueous solution with positively charged ions. The form of MB varies depending on the concentration of dye solution (Haubner et al. 2010 ). The formation of MB trimer, dimer and monomer on GO has been confirmed by UV-Vis, Raman and FT-IR spectra. It is believed that the organic dyes aggregate in the layer of GO. The aggregation of MB may lead to a blue shift with the H-type (face-to-face) form and a red shift with the J-type (head-to-tail) form (Haubner et al. 2010) . Figure 8 shows the distinct red shift after adsorption. Thus, the head-to-tail form of the dye molecules might exist and leads to the multilayers between the layers of the GO. Therefore, the adsorption of MB, CV and RhB on GO can be attributed to the interaction of surface functional groups and the aggregation form of the dye molecules.
CONCLUSIONS
GO has been synthesized by a simple one-pot treatment method and used for dye adsorption. The surface oxygen functional groups of GO and the existence of the multi-layers of dye molecules between the layers of GO play a major role in cationic dye adsorption. Our study results show that MB and CV have strong adsorption on GO when compared with RhB. The adsorption procedure fits to the pseudo-second-order kinetics model. It is believed that GO is an efficient adsorbent for cationic dye removal from aqueous solutions.
